Multi-epoch reverberation mapping of the Seyfert galaxy, NGC 5548, suggests that radiation pressure is not strongly biasing the black hole (BH) masses derived for active galactic nuclei (AGNs). The model proposed by Marconi et al. to account for radiation pressure in BH mass estimates fails to explain the observations of NGC 5548, the only AGN with reverberation campaigns spanning a sufficiently broad luminosity range to accurately test the model in this way. Future reverberation studies with appropriately chosen targets may improve our understanding of the role radiation pressure plays in the kinematics of the broad-line region.
INTRODUCTION
Our ability to measure black hole (BH) masses at high redshift and trace the growth of the BH mass density with cosmic time relies on the accurate determination of BH masses in local active galactic nuclei (AGNs). Since only a small number of broad-line AGNs are close enough to constrain the BH mass kinematically using current facilities, the foundation for BH masses in AGNs comes from the technique of reverberation mapping (Blandford & McKee 1982; Peterson 1993) .
In reverberation mapping, a time series of spectroscopic measurements track variations in the AGN continuum that propagate through the gas near the BH (in the broad-line region, or BLR). The continuum fluctuations drive changes in the strengths of the BLR emission lines, which follow after a time lag that represents the light travel time from the BH to the BLR. The radius of the BLR (R, given by the product of the speed of light, c, and the time lag, τ ), is combined with the velocity width of the variable part of the emission 1 Mount Stromlo Observatory, Research School of Astronomy & Astrophysics, The Australian National University, Cotter Road, Weston Creek, ACT 2611, Australia line to form the Virial Product (VP):
where V is the width of the emission line; and G is Newton's constant. The VP is related to the BH mass by a scale factor, f , that depends upon the (unknown) geometry and dynamics of the BLR. One commonly adopted value of f was calculated such that the local AGNs with reverberation-based masses lie on the quiescent-galaxy relationship between BH mass and bulge stellar velocity dispersion (the M BH -σ relation; Onken et al. 2004) . Partly because the scatter in the AGN M BH -σ relation was found to be larger than in normal galaxies, f values that depend upon properties of the AGN have been proposed (e.g., the line shape: Collin et al. 2006 ).
An alternative modification was suggested by Marconi et al. (2008) , who noted that the radiation pressure created by the luminosity of an AGN would reduce the effective gravity within the BLR. The implication of this idea is that the BH masses established by reverberation mapping and its follow-on techniques are biased. Marconi et al. derived an additional term in the BH mass equa-tion to explicitly account for this extra luminosity effect:
where g parameterizes the strength of the radiation pressure, and L 5100 is the λL λ luminosity at 5100Å. Using an approach similar to Onken et al. (2004) Kollmeier et al. 2006; Shen et al. 2008; Fine et al. 2008.) Subsequently, there has been contention over the validity of the radiation pressure correction. Netzer (2009) argued that applying the new SE mass equation to a sample of broad-line AGNs created a discrepancy in the distribution of Eddington ratios 1 compared to a similar sample of narrow-line AGNs. This would be in contradiction with the standard unified model of AGN activity, where differences in AGN type are attributed to viewing angle (Antonucci 1993) . However, Marconi et al. (2009) have suggested that the observed differences in the distributions can be equally accounted for by having neglected the intrinsic scatter in the mass estimators, and that such a comparison does not constrain the impact of radiation pressure.
Aside from the effects on SE mass estimates, Equation 2 makes predictions for the behavior of individual reverberation-mapped AGNs. Specifically, because the BH mass is constant 2 , the VP must decrease as the radiation pressure term increases. Therefore, an examination of AGNs which have been reverberation-mapped at different epochs (when they typically have different luminosities) should be able to test the predictions of Equation 2. Here, I analyze the published results of prior reverberation mapping campaigns in light of the Marconi et al. (2008) model. In § 2, I describe the reverberation mapping data. In § 3, I compare the results to the expectations from the radiation pressure model. Finding the model unable to match the observations, I discuss the implications in § 4.
REVERBERATION MAPPING DATA
The data I use in this experiment come from reverberation campaigns that cover the same broad emission line in a given AGN in independent blocks of time. Peterson et al. (2004) have compiled the largest set of uniformly analyzed reverberation mapping observations. From that sample, I consider all AGNs having two or more epochs of reverberation mapping that used the Hβ emission line, and I take the VP data calculated from the line dispersion (see Peterson et al. 2004 , for details).
The key object in the sample is the Seyfert galaxy, NGC 5548, which was monitored for over a decade. The Peterson et al. (2004) data for NGC 5548 are supplemented by those of Bentz et al. (2007) , who found the AGN in its lowest flux state on record. In addition, I include recent reverberation results for NGC 4051 (Denney et al. 2009 ), NGC 4151 (Bentz et al. 2006b) , and PG 2130+099 (Grier et al. 2008) . Measurements that were deemed unreliable by Peterson et al. (2004) are omitted.
for the 11 AGNs is presented in Table 1. PG 2130+099 shows an extremely large VP difference with a small change in optical luminosity. This is most likely due to a poorly constrained time lag from the original reverberation mapping campaign. (In fact, the suspicion of a faulty measurement motivated the subsequent monitoring by Grier et al. 2008.) Hence, this object is not considered further.
MODEL PREDICTIONS WITH RA-DIATION PRESSURE
The radiation pressure model of Marconi et al. (2008) predicts the VP for a given AGN will vary with luminosity such that Equation 2 gives a constant value of the BH mass. In Figures 1 & 2 , I plot the VP and L 5100 data for ten AGNs, as well as the model predictions for the luminositydependence of the VP. From Equation 2, the slope of the model prediction is −(g/f ). The best-fit values Marconi et al. calculated for f and g were 3.1 and 10 7.6 , respectively. The normalizations of the model predictions are arbitrary in the plots, but are equivalent to (M BH /f ) at L 5100 =0 in the formalism of the model. Figure 1 shows the result for NGC 5548, the AGN with the most extensive reverberation mapping history. The data from 13 independent epochs are in clear contradiction to the predicted correlation indicated by the solid line. Even ignoring the data from Year 12 (the open point in Fig. 1 , from the most poorly sampled observing campaign for NGC 5548; see Bentz et al. 2007) , the trend in the data is not consistent with the predicted correlation. Figure 2 shows the outcomes for the other nine AGNs. While two of the objects, Akn 120 and NGC 4151, also appear to be inconsistent with the model predictions, differences in the values of f and g for individual AGNs would allow for variations in the slope of the predicted correlation. However, none of the AGNs in Figure 2 has sufficient luminosity coverage to provide a good test of the model.
DISCUSSION
The reverberation mapping results of NGC 5548 (Fig. 1) indicate that the radiation pressure model of Marconi et al. (2008) is not an adequate description of the physics of the BLR. Despite the success of their model in improving the match between reverberation-based BH masses and those of the SE techniques, the predicted behavior for individual reverberation-mapped AGNs is not borne out by the observations. Furthermore, the limited data available for other AGNs (Fig. 2) cannot adequately test the model. The sizes of the uncertainties in VP and L 5100 mean that, even in the case of NGC 5548, measurements with a limited luminosity range could easily appear to be consistent with the model. It is only because of the diversity of flux states observed in NGC 5548 that the failure of the model can be detected.
One assumption of the analysis presented here is that the f and g factors are constants for any given AGN. It has been suggested that the structure of the BLR depends upon the accretion rate (Nicastro 2000; Laor 2003) , which could affect the value of f . Mitigating this concern, most of the change is expected to occur at very low Eddington ratio, when the BLR may disappear completely and, with no broad emission lines, preclude the use of reverberation mapping altogether. The value of g in the Marconi et al. (2008) model contains a dependence on the column density of gas in the BLR, which could also vary over time. However, because both f and g are positive quantities, the model slope of −(g/f ) will never be greater than zero. In summary, it appears difficult for small adjustments to the radiation pressure model of Marconi et al. (2008) to account for the observed positive correlation between VP and optical luminosity in NGC 5548.
Although the particular model of Marconi et al. (2008) has failed this observational test, radiation pressure may still be a contributor to the dynamics of the BLR. The widespread application of BH mass-measuring techniques speaks to the importance of deriving a solid calibration for the local AGNs. Hopefully, a physical picture can be formulated which successfully explains the behavior of both the inter-epoch reverberation results and the SE mass estimates. Additional reverberation mapping campaigns for previously studied samples, which could be designed to probe different luminosity regimes than the initial observations, should also provide excellent tests of any radiation pressure models. Finally, velocity-resolved rever-beration mapping (see Horne et al. 2004) , offers the possibility of vastly expanding our understanding of the properties of the BLR (e.g., Bentz et al. 2008 ).
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